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OPERATION OF K.-25-2J PLAIJT FOE Hioa COXCBUlRAXlOtf PRODUCTION 

1* Policy of Manhattan District * 

a. From the beginning of tho ifcnhattan Project in 19^2, 
it haa been the standing policy of the District, throughout all its 
operations, to make every effort to reduce costs and to effect savings, 
wherever it was possible to do so without detriment to the overall 
mission* This policy has applied to all phases of the project — to 
researoh and development, design and engineering, construction and 
operation — and it has been emphasised again and again by General 
Groves* 

h. Until the attainment of suoosss in the production 
and combat use of the atomic bomb, emphasis was of necessity concen- 
trated on speed. Speed was of the essenoe of the mission of the ifcin- 
hattan District* In general, any expenditure which would insure, or 
definitely promote, greater speed in accomplishment, was justified! 
correspondingly, any time-oonsuming efforts which might, in time, produoe 
economies had to bo postponed, if any chance was indioated that they 
would, even briefly, adversely affect the speed of accomplishment* 

0_. With the attainment of success in the primary mission, 
with the dropping of the first two combat bombs on Japan and the 
oessation of hostilities immediately following, although the District 
policy remained the same fundamentally, it underwent a change in 
emphasis* Production of atomic bombs and production of the materials 
required to make them continued to be the principal mission of the 
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District, but war-time speed became lose important and peacetime 
oconoay became mors important. In plant operations* maintaining the 
highest rate of production reasonably possible was mandatory, but 
every encouragement was giren to searohing out ways and means of re- 
ducing costs vdthout reduoing production* 

da Because they oonsunied by far the greatest part of the 
plant operating oasts of the Jianhattan District, the Y-12 and tho K-25 
plants at Oak Ridge, from whioh tho aotive material U23b was being ob- 
tained, obviously offered the most fertile field for improvements which 
might reduoe the continuing costs of the Manhattan Project. This can be 
seen readily from examination of the cumulative expenditures for opera- 
tions, to JO June I3I45 (Reference 1 28, App. fil, "Monthly Budget State- 
ment as of 30 June 1914.5") • The total oombined operating expenditures 
to that date for Y-12 and K-25 (exolusive of plant construction, of 
housing and central facilities, and of speoial operating materials) 
amounted to $153, 51*2,000, whereas tho total operating expenditures to 
the same date (but including operation of housing and central facili- 
ties) amounted, for Hanford Engineer Works (X-10), to §1+1,21U.000, and for 
Los Alamos (Site Y) to $27,87^,000. At this time, also, the monthly 
operating costs of these plants were running approximately as follows 1 
K-25i $3,8Ul#OOOj Y-12 1 $8 f 873,000| HEW j (including central facilities)! 
$l#273,OOOj Y Project (inducing central facilities) t $l,5i+9»000. 
(Reference 1 32.) Efforts were made at every plant to improve operations 
and reduoe oosts, but the greatest effort was made, and the greatest 
suooess has been attained, at the K-25-27 and the Y-12 plants, ao 




described hereinafter. 

2 * Summary of Early Production History . 

a. The K-25 plant started producing U235 of comparatively 
low concentration - very low in comparison with later developments ~ 
with the commencement of operation in March 1945; production continued 
at increasing purity of product until full operation was attained on 
15 August I9k5 (Reference! 2 9 , p. i.i, also. Reference, 23). The plant 
was originally designed for production of a specified quantity (1 kg^of 
0235 at a specified purity or concentration (originally 90& later 36/5), 
but the plant was perfectly flexible and oould be operated to produce a 
higher rate at a lower concentration or a lower rate at a higher concen- 
tration (Reference, 30. p. 1 7 2). Even before full operation was attained 
it became evident that plant performance was appreciably better than 
design estimate, (do., p. 180)j and it was predicted that an output of 
1.& kgm per day at 36.6* concentration, or an output at 27-57* concen- 
tration at 6 kgm/day could be attained (do., p. 180). The reason, why 
actual production exceeded the original estimate of production may be 
summarised as follows, 

(1) The actual cell stream effioienoy of 95 to 100,, 
exoeeded the assumption of B%i 

(2) A correction of 10^ had been allowed in the 
estimates for surges, whereas surges actually had very little effect on 
produotionj 

(3) The aotual separating qualities of the barrier 
tubes in the diffusion stages were better than the assumed values. 

I nrnnrjjeference, 29, p. 5.1O) 

3 * 





- A8 lndi0ftt6d above ' th « "riginal deign .pacification* 
for the K-25 plant caUed for a product concentration of ^. m8 
.pecification wa. Quired at the tioo because the, prooe., „a B in- 
tended to bo entirely independent of the other prooe.se. for uranium 
ieotopa .eparatlon - the electromagnetic and the thermal diffu.ion 
Pr °° ^ inS ^ f the project, the independence 

of each process wa. e. 83 ntial becau.e no on. oould fore.ee what process, 
if any. would be successful, and thi. independence wa. maintained until 
the .uoce.. of ^re than one proo... became reasonably a.sur.d. In line 
with thi. independence of de.ign. angineering etudie. W nt forward on a 
diffusion plant to produce Uranium 2 35 in concentration, a. high a. 
until, a. a first ,tep. on IB August 1^3. the Manhattan District 
authori.ed the construction of those ...tu« P e,uired to produce a 
concentrate. Then, on 16 January 1^5, the design contraotor wa B 
authorised to proceed with work on additional section, reared to pro- 
duce an 85^ product. This program, to which the name "section V" wa. 
E l™. proceeded in the design .tage for two months, until it wa. can- 
celled on 16 aarch Ifc when deci.ion wa. *a«. to integrate the K-2 5 and 
T " 12 Pr °° Xt **' »PP™* ^en that success could be attained 
more ,uiokly by combining the K -2 5 and r-12 proce.se., i0 that , ^ 
working on the same material, each would supplement the other, than by 
relying upon one or the other process, or both, acting separately. 
(Reference, 5 1, p. 5 .) At about ^ ^ ^ ^ ^ 

that for proper coordination of the two proc and in order to insure 

a Efficient amount of product, an increace in capacity would be 
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required. By that time, portions of the K-25 plant wore in production, 
and the success of the process at a whole was assured; accordingly, 
deoision was made to eonstruct an addition to that plant, to which the 
name K-27 was given* 

c» The K-27 expansion wag authorised by the iSanhattan Dis- 
trict about 1 April 19^5 (Referenoei 51, p* 120), and ground was broken 
3 April 192*5 (do*, p« 117) • It was imperative that the completed plant 

* 

be in operation by 1 January (do., p. 6)# actually, the first units 

were operated 20 September l9i*5> And processing began 16 Deo ember I9k5 
(do*, p* 5, footnote)* This extraordinary speed was rendered possible 
by insistence upon making the K-27 expansion "virtually a Chinese oopy" 
of a seotion of the K-25 plant, and authorisation was given on this 
basis (do*, p* 6)* When K-27 was fully operating early in 19(46, it 
supplemented the K-25 easoade, and the pro duo t of both, now lnoreased 
to JO/i concentration, was fed to Y-12 Beta (Referenoei 2J) ; the rate of 
produotion at tide time averaged about 3»6 kgm/day* (Referenoei 29, 
App.) 

3* Increase in Concentration to 60>* 

a. It had always been recognised that if the gas diffusion 
prooess could be made to work at all it could almost certainly be used to 
produce really high oonoentrations) the problem would consist, in its 
simplest terms, merely of providing a sufficient number of units or of 
circulating the material a sufficient number of times* The operation of 
the expanded plant, K-25-27, therefore, had scaroely begun, in January 
19/16, when the scientists and engineers were already beginning prelimi- 

5 
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nary investigation, for increa.ing the concentration to values greater 
than 3<tf. Thi. procedure had been urged by General 9 roves and Colonel 
Uohol. in their effort, to explore all po.aibiiitie. of improvement for 
the attainment of economic., in line with the empha.l« on peace-time 
economy which now prevailed, a. de.cribed above. The fact that the 
efficiency of operation had proved to be .0 much greater than the origi- 
nal prediction, furnished further encouragement. 

b. On 16 May l#£ t a plan for operation to produce inorea.ed 
concentration had been worked out and wa. recorded. Thi. plan wa. 
approved by Colonel ffiohol. and General Grove, on 11 June l^. and 
authorisation wa. given to the K-2 5 RLviaion on that date. (l at . Ind.. 
11 June 191+6, from Manhattan Di.trict to I2r. R. w. Cook, K-25 Biviaion 
Chief, to letter of 7 June 1<*6 from K-2 5 Wv. Chief to strict Engineer.) 
The approved plan involved primarily an inoreaae of the "x" inventory in 
the cascade. The deaired inventory was accumulated 12 July 1^6 and fed 
into the ca.oade. and the ca.cade wa. then operated on total reflux. On 
20 July 19146 the concentration reached 60*. (Reference., 2J, 21*,) 
Increase in Concentration to More Than 95 ^, 
a. With the attalnmont of 6o£ concentration in the product 
of K-25-27, a .eriou. problem was posed to the Manhattan Di.trict. On 
the one hand, the V-12 pi^t not 6qulpped to reoelve# and 
proce.. material with oonoontrationa a. high a. 60jl. On the other hand. 
60* concentration was too low for delivery to Lo. Alamos. Should the 
K-25-27 plant return to production of 30*' material, or .hould it go 
further and .eek 95% concentration T Those who were familiar with the gas 
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diffusion pro do b b were convinced of the feasibility of producing .till 
. higher concentration*, and the operation which had successfully produced 
the 60;* concentration had permitted the accumulation of data to prove 
this conviction* 

-* A ? ftrt froffi risk of failure to attain the desired 
objective ~ and the consequent loss of time and loss of production 
which this failure would entail - there «a. the potentially even more 
serious risk of undue hazard, to the personnel and to the plant it.elf 
which might develop from the handling and processing of the highly con- 
centrated material. As will be described more fully hereinafter, the 
possible hasards, and the safety precaution, which might be required to 
oombat them, were given most careful consideration. The conclusion was 
reached, on the best obtainable evidence, that with proper precautions, 
which were entirely feasible, the operation, necessary to attain 95* 
concentration, more or less, could be carried out without undue danger. 
(See par. 6 below) 

o. Authorisation was accordingly issued by General Groves 
and Colonel Hiohol. to accumulate inventory for raising the concentration 
to 95/1. Orally on 1Q October 19(46, and by letter from the District 
Engineer, initialled by General Grove., dated Ik October 19(46, this 
authorisation was transmitted to Jdr. dark fi. Center, the Plant 
Superintendent of the Operating Contractor, Carbide and Carbon Chemical* 
Corporation, Oak Ridge, Tennessee, (Reference, Xk, described also in 

d. It was proposed that the increase in concentration 



would be tried out first as a taat only, and that, if it were found to 
be successful, decision could thon be made as to continuation of the 
oporation in the future* It was estimated that the experimental test 
would require a period of between two and two and a half months* The 
accumulation of inventory started immediately and on 5 November I9I46 the 
feeding into the oasoade of the aooumulated material, together with the 
normal operating feed, began* The period of total reflux extended from 
5 November to 2 December I9I+6, and no withdrawals of material from the 
oasoade were made during that time* On 28 and 29 November 1<&£, the con- 
centration reaohed 9U&#* but it became apparent that the inorease in VS3k 
was limiting the final concentration of U2J5* When the plant had been 
operating at lower concentrations, the amounts of which remained 
with the U235 after its separation from the had been relatively 

unimportant, and the withdrawals of the U2J5 and U23I4. together had 
prevented its inorease 1 with operation at the high concentrations and 
without any withdrawals* however, the increased peroentages of U23I4, 
be same a definite hindranoe* The attempt to maintain at least con- 
centration of 0235, and to limit withdrawals accordingly, had to be 
abandoned* On 6 December I9I46 it was determined that a withdrawal rate 
of 2*56 kgm "xVday would be maintained and concentration would be 
allowed to drop to a steady state* This procedure was followed, start- 
ing Q December I9?j£, and as of 22 Deo ember 19^6 withdrawal at the rate of 
2*^6 *l"/day had continued, with the ooneentration of 0235 remaining 
practically constant at about 93»7/» for about 11 days (sinoe about 11 
December 19^6)* (Keferenoesi 23, 21jj also, especially, chart of test 




e.ttaohed to latter)* 

5# S2SH!^ Operation at High flfe,. Than 933) Concent,.^ £ . 

The aucoe.i of th. preliminary te«t operation to produo. 
D235 «t the K-25-27 plant at aonoentration of nor. than 93 *, combined 
with other oon.ideration., led logically to the next etep, but, even co, 
the problem wa. not §0 eimplo a. thie brief recital of event, might in- 
dic.te. becauee the data upon which future action mu.t be ba.ed war. of 
neoeesity 1... collate than would have been de.irabl. under lee. com- 
pelling clrcumetaneee. 

b. Mr. Clark E. Center, Plant Superintendent, in a latter 
to the Dietrict Engineer, dated 18 December 1<&6. .ummari.ed the re.ult. 
obtained from K-25-2? plant ^ta during the period of operation at high 
product concentration., fro. 2 Dumber to 1 5 December l<&6. and .tated. 
"In oonclueion. w. can .ay that the exi.ting data indicate that th. K-2 5 
«d K-27 Plant, can produce at a rate cf 2.56 kg* l/day at a concen- 
tration of approximately 93.6*." He then pointed out, however, that 
thee, data involved Tariou. uneertainti... lack of adequate information 
on corroalon and oon.umptlon, lack of deaired accuracy in inventorie. 
end material balance.jdata baeed on a much too brief period of operation 
for accurate e.timate., data ba.ed on a high etream effici.noy (9?*) 
and a period inTolving no major operational mi. hap.. (Reference, 22.) 
Bren though thi. .tatement may be di.counte d eomewhat. a. reprcenting 
the aound con.ervatimn of an operating executive who wa. concerned with 
the cn, plant and not with the project a. a whole, it indicate, neverthe- 
le.. the eeriou.n... of the problem, b.cau.e a deci.ion had to be made. 



and sad* limediabeiy, a« further baaiins ind raaearon vrould nave /n- 
bailed losses in production and affioiancy which would ::ave been pro-» 
hibitive. 

o. The considerations, rhich lad, as a r«3ult of the sue* 
•iaa* of the preliminary teat operation, to the next atep, «>re p ,rinei- 
pally, the following! 

(J) ihe resulting material v/aa * satisfactory product 
for delivery to the Lo« Alamos Laboratory. Its oonoentration vrns ninning 
it approximately 93*7^ af 0335 and approximately L$i of iS^i *nd 
Share was practical certainty that the aonoentration of the former would 
not drop below n^ji and the aonoentration of the latter would not exceed 
3.0;i« (?he operating contractor estimated that the final concentration 
of V2% would be 1.3,i when the cascade reaahed equilibrium*) Keferenoesi 

(2) ?he rate of production .ra« satisfactory, fha 
dthuirawal rate had been for some daya 2.56 kga per day, and it waa ex* 
posted that it could be continued at an average of at least 2.5 fcg> per 
day. This may be compared with the average combined rate of produotioni 
of the i{-25-27 and the Tf-12 plant*, working la soriss, of 2.1^62 kgm of TJ-233 
jar day, for the montha of Augurb, Soptaaber and October (Reference* 
22*), the highest average production for any J month* period to that time 
(Hoferenoet 29). 

(3) Prooodurea could be Instituted which experts 
agreed rould prevent undue hazards during operation, even if the hi^ 
oonoentration operation were continued Indefinitely (3ea par. 6 hereinafter). 
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(k) Very substantial savingB in overall operating 
costs could be effected, estimated as amounting to more than $2,000,000 
per month, (See par, 7 hereinafter) 

d. Based on these considerations, it was deoided, on 23 
December l^, to continue operation of K-25-27, at 93# or moreV 
oonosntration and at maximum production; and to reduoe operation of Y-12 
Beta to one Beta traok tod auxiliaries, for use principally for process 
development and improvement. Supplementary deoisions werei to continue 
the stable isotope separation program; to oontinue standby maintenance of 
Y-12 facilities* to continue final chemistry for processing K-25-27 
produot and suoh product as is obtained from one Beta traokf and to con- 
tinue process improvement and development work at T-12, (Reference! 2J+.) 

e. Final decision on all these procedures was given by 
General Groves on 23 December 1&6, by indorsement on the memorandum of 
that date from Colonel Hiohols, in which the past history of the plan 
of operation of K-25-27 at high concentration was briefly reviewed and 
the recommended future procedures were enumerated. General Groves' in- 
dorsement read as follows (signed "LRG-23 Deo. i*6") 
"To Col. Nichols t 

*1 • The above memo is a good summary 
of what has transpired over many months. 
"2. Approved. 

"3. Tou will take effective steps to 
insure that the safety precautions reoommend- 

ed by the Bradbury-Felbeok-Koith Committee are 
observed." (Reference 1 27.) 




f» Che curtailment of operations Jkts the f-12 plant began 
an 26 Daoaaber 19*;6, upon the delivery of a latter dated gfe incumber 
from th« Uiatrio* 3u£neer to Dr. ?. !?• Conklia, Y-12 Jbrka afcnageV* 
■.-hioh formally authorised the procedures to be followed, rhe amployeea 
■and the general publio rare advised on the same day. in a pMas releaae 
iajued on 26 December L<&£ it *aa explained that improvement* in i?ro- 
leasee for oonoentration of Uraniua <i35 at Clinton engineer *ork« .vould 
permit oonaiderable *avin$a in operating so ate and a reduotion ia ea- 
pioyee*. It raa stated alaoi 'Eesulbe of the feeat operation ware dia- I 
suaaed Trith the atomlo iinergy Commiaaion. which sill take over operation 
af The facilities on January 1. and bhe Comjnijaion has conourred in the 
proposed reduotion in forae.' 1 

Operation 3aaarda and Safety Procautiona. 

«• ::aoh increase in oonoentration of the oroduet inevitably 
inoroajee bhe potential hazard* of operation. Jhia prinoiple appliee to 
Important parte of the plant, and it wa« recognised at all 

• atages throughout the history of that plant, men the no at aerioue step, 
of producing material with concentration greater than 60$, *a* oonteapl»t~J 
3d, saraful now atudiee of the potential ha tarda nnd of .oeane for ttieir 
avoidance or oontrol tore instituted. 

b. nnder date of 15-29 August 19^ # Dr. Clifford Beok. at 
•:hat time laohnioal Consultant to the riant Superintendent, aubaltted a, 
report ontitledt "*A Urief Doaoriptlon of Equipment and Frocedurea in 

U 



Sritioal Accumulations'* (Sefarenoe* l). In the preparation of fchia re- 
port Br* Back aa« assisted byi 3* a. 3owerj J, 0, ^maiagi J. t. uilioti 
T. C. Hartmanf J. H* Larseyi 0* t« 'Jewlom U ?. Pasquiari H. M. Prouss. 
As evidence of th« thorou,<*hne3S with Trtiieh this subject studied, as 
4 eXl as the conclusions reaohed by the investi gators, the following 
excerpts are quoted from the Beck report (underlining has been added) i 

(1) fro* the ^Abstract" (p. 6)t 

"It is intended herein to present a factual 
statement of the aquipoent dioanaiona, capacities and connections, of the 
operating procedures, and of uranium U235 and contaminant inventories and 
iistribution, for all those portions of the plant in direct content with 
Zf6m Nation is aade of the various emergencies which oould arise, vjhat 
the effects would be and how the situation would be handled. All these 
ssaersencies hare ooourrod at one time or another in the history of plant 
operation, except a major in-leakage aoeompanied by a total power failure 
and a sustained atomio chain-reaction* It ia believed that the plant 

b* operaj^ at ^ 
hazards involved in an ooourrenoe of these amorgonoles * 

"A brief statement is made of the oritioal masses 
of 0235, and of the application of this information to the safety of the 
plant.' 1 

(2) From the opening statement on "Emergencies*, 
Jeetion 7IX (p. 3D i 

"A number of disturbances oould arise causing 
jsrious upsets in normal operating schedules of the cascades* Fraotioally 
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ill of the situation* whioh could happen, oauaing aajor upsets of bhe 
jaaoade, axcept a sustained atomic ohain-raaotion, have ocourrad at one 
Siae or another ia the hiatory of the plant, aven total power failure 
to the entire plant.* Operating prooedurea have baen worked out ia 

advance by irhloh theee eaergonolos can be handled, and fcheae prooedurea 

iiave been teated and adjusted by the eaergonolea whioh have ooourred ." 

(3) *he following ia a liat, by headings, of the 

prinoipal 3*or jenoiaa whioh are anuaerated, with the operating prooedurea 

whioh would apply, in Sootion ill s 

A. Total Power /allure — Conataat and Varlabla 



3* Variable Frequency Failure 

3* Coolant Pal lure 

D. ituok Control Valve 

2* failure of nitrogen Supply 

P. Failure of Dry Instrument Air 

CU Seal Exhaust failure 

3« Jftjor Xnleakage 

I. l*jor Inlaatege Acooapanled by Total Power 

J* Sustained Chain-reaotlon 



Failure* 



* Footnote! Under 71 IA, p. 31, It is atated that a total power failure 
ooourred on 3 February I^j that constant frequenoy power waa restored 
In U5 ainutes and all auxiliary equipment had resumed operation ia 
about one hour* 

Jjrnnrj 




2* 28 August I'jli&i the Distriot iinginser, aofeing i*or 

General Proves, appointed che following as members of a committee! 

Dr. N. 3. Bradbury » Director, Los Alamos Laboratoryj 
Dr. 3. tm Polbeok, Tioe President, Carbide <4 Carbon 
Chemicals Corporation! 

P. 0. Keith, President, Ifcdro Carbon Research, Inc. 
(Formerly, President, Xellex Corporation)* 

2aoh member of this so-called Bradbury-Felbcok-Keith Committee ems 
requested to review the data prepared by Carbide and Carbon Chemicals 
Corporation, concerning operation of the K-25-27 plant at purity, 
and to make recommendations as to safety of operations at this purity 
(Heferenoesi 2, 3, I*). 

dm &aoh member of the Bra d bur yWe lbesk-Xeith Committee 
expressed hie views, and, in addition, ^v. Bradbury obtained the views of 
two of his associates at Loe Alamosa Dr. Sdward Teller and Dr. Daro* 
i'roman. Although there were some Aim* disagreements on methods of 
procedure, all were in general agreement on the most important question 
involved. They agreed, in general, that the K-25-27 plant could be operat- 
ed at 95lf eoneentration without undue hasard provided certain pre* 
oautions were taken (References* 23). In practically every opinion 
whioh was expressed the importanoe of taking proper precautions was em- 
phasised. 

0. In view of the seriousness of the considerations in- 
volved, it is desirable to record the views of the individuals upon whose 
combined advice the further aotion was taken, the following are pertinent 

» t 
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axeerpts fro- the communications received, for the ;ao«t part addressed 

+:o the District engineer i 

(1) Dr» H» 3. Bradbury (Reference! 5)» 'It la say 
opinion that it is safe to proceed with the operation of at the 
sonoentrations suggested. The oontinuanoe of such safe operation is 
dependent upon continual atudy of the problem, involved, including critical 
vnasa experiment a. 11 He agreed with Dr. Tailor's common* B ';hat a looal 
itaff continually concerned about these problem* la 3ssential"j and he 
emphasised "The concern which was expressed at the meeting of uaia 
committee that one of the most effective safeguards • . . will be a 
continual scrutiny of the incoming and outgoing inventory. '' 

(2) Dr. >5dward Teller (Reference! 6), while qualify- 
ing hi a statement by axplsining the incompleteness of hia atudy of the 
wbjeet, wrote t "I should state, however, that in ay brief atudy f did 
not find any indication of apeoial haiard." 3e iaaued a definite warn- 
ing of the necessity for taking the moat careful measures to avoid acci- 
dent, aa, he jaid, ""There is a considerable chance that in the course of 
time on accident involving a direct ahain reaction will occur." 0*. 
Teller* s comments are evidently basad on a study of the Beck report 
referred to previously herein). 

(3) Dr. 3. T. Folbeok (Reference 1 7)» after oppressing 
concurrence with Dr. Bradbury* s opinion that it is safe to proceed and in 
Dr. Bradbury views on the safety program which should be carried out* 
-It ia my opinion that there is no immediate hatard in the operation of 
v-25-27 at higher concentrations." Dr. ?slbeek expresses the same concern 



as Br. feller about long-term operation, end be quote* fir. Teller's 
statement regarding the ohanee of aooidsnt in the future (■UEaarised 
above). »r. Felbeok a Leo requests approval of "the formation of the 
necessary staff of physicists and their training at Los Alamos." 

(il) Mr. f . C. Keith (Reference* ^9) I "It is ay opinion 
that the risk Involved in operating the s>25 plant at product concentra- 
tions up to 95# for a short period of time is negligibly small providedi 

*(1) these operations are followed by a staff of 
physicists, responsible to the operating company, who are thoroughly 
familiar -with oritioal mass phenomena. 

*(2) a procedure for making material balances on 
U-255 of known precision is in effect at the 1-25 plant, and operations 
at the high concentration are terminated before the unaccounted losses 
of D-255 plus the cumulative uncertainty in the material balance exceed 
the oritioal mass." Mr. Keith states further, after pointing out the 
difficulty of determining the risk involved An lone period operation . 
(because of absence of periodic overhaul to prove absence of dangerous 
accumulations) 1 "I should say that the risk- involved in running the R-25 
pla n t at high concentrations for long periods of time is very small, pro- 
vided the material balanoc is used to follow the probable accumulations 
of 8-235 within the plants, but there is some element of risk involved. 1 ' 

(5) Dr. Parol Froman (Reference 1 10), agreed with Dr. 
Teller opinion that most oareful measures must be taken to avoid acci- 
dent. Be expressed the following opinions: that the measure t taken should 
oonsist of such activities as continuous checks on input and output j that 
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accurate datermination of iritical oaasea ;tts not naoaasaryj that he 
saw no reason to train a .^roup of physioista m. carry out f*n axtonsivo 
aariaa of axparimenta for such datermlnationj that ha emphatically dis- 
agreed with a raaaon iron by Dr» Falbeok for a propoaad additional pro- 
ijraa of sxperiaentaf that the suggestion that those at Loa Alamoa help 
• aith the proposed sxperimenta was not feasible and the experimenta were 
lot worth while anyway} that the reaaauring "daaonatratian* auggeated by 
Dr» Falbeok rould be dangeroua, saateful af valuable material and possi- 
bly mieleadlngi that the principle of harin S competent physioiata who 
know about critical Assemblies on the staff of £-25 waa "surely a good 
one," but that it would be more profitable for thea to expend their 
offorta on inauring againat unsafe accumulations of aotive material than 
on the propoaad experimenta* 

(6) Dr. <Im T» ?elbeok (in anothar communication, 
Reference* 11), agreed with Keith' a opinion that a staff of trained 
phyalcl sta should be naintained to monitor the plant at all tinea 
(da sari bad under (h) above), and alao that a preoiae material balance 
should be kept. M took exception, however, to the * second part of Keith* • 
second proviaion for the detection of oritioal maaa aeeumulationa which 
.'nay oocur over long periode of time"i he maintained that "there ia alraya 
a finite time of plant operation for which the accumulated uncertainty of 
inventory become* groater than any given oritioal maaa 1 *, and that thia 
criterion would be of little value* Di*» Felbeck stated further » 'The 
poaaible condensation of ?roeeaa gaa aa over long period* of time ia 
considered not to constitute a serious haiard 1 *} and after citing bhe 
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•nethods previously used for insuring 3afe operation (periodio shack of 
diff users, analysis of vaste materials, and use of diff users as filters 
in the downward flowing "B" atream) atatedi "These aethods, we fael, are 
muoh more reliable as guides to jafe plant operation hhan dependence on 
inventory figures, however accurate, Mature improvement in these methods 
and any others that may be developed later #ith the previously proposed 
Investigation of the nature of a fission reaction, it is felt, will 
reduce the probability of any oritioal mass accident during plant 
operation to such a degree as to become almost negligible, to date our 
tests have revealed the accumulations only of .^rams of material whereas 
very muoh larger quantities are necessary to constitute a ha sard." 

Dr. Felbeok ended his letter with the following! 
'In view of the foregoing faotors, hope you will find Keith in agree* 
ment with us and rest of committee you appointed that operations at 
higher purity should now be authorised by you and that satisfactory safe- 
ty considerations oan be maintained* * 

(7) Dr. 3. B. aradbury (Reference i 12) brought, the 
written discussion of the oosmlttee members to a close with comments on 
the carrying out the proposed training pro gran, stating that they would 
be ready for it probably in about four months} he questioned the neces- 
sity or the desirability of uonduoting a long and extensive series of 
critical mass studies at Cak Ridge | he doubted the importance of "de- 
fining the oritioal mass itself with the greatest aecuraoy 1 and approved 
"Teller's sore general statement of the training physicists should get"; 
he expressed a strong negative opinion on "the suggestion that an actual 
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:uparoriiical assembly of ; JFU be constructed", atating that it vrould be 
jxtrem«ly dangerous In * populated area and that it <a$ doubtful If 
the rsaults would justify the work Involved in aonduoting suoh an experi- 
ment at a place like Alamo gordo. 

(3) Colonel E. 3» Klrkpatrlok , Deputy District iSngineer, 
(Hoferenoel 13,, to the District Engineer) summarized the opinions of fche 
acmbers of the committee, Dr. 3radbury» 2r. Felbeok and ISr* Keith, that 
"Undue riak will not be involved if proper preoautione are taken". (In 
this letter Col* Kirkpatriok also outlined four different schedules of 
operation, one pair for Tt-12 operation and one pair for £-25-27* contingent 
upon whether or not the proposed test operation proved successful.) 

(9) Colonel K. P» Slohols , Distriot Sngineer (Reference i 
15, to General Orovesj summarised the opinions of the aradbury-*elbsok- 
Seith Committee as follows! . • the general consensus of opinion of 
this committee is that there is practically no risk for the experimental 
period. Also, their opinion is that the riak is negligibly small for 
long-time operation provided certain precautions are taken. These arei 

"a. The operations are followed by a staff of 
physieists, r« sponsible to the operating company, who are thoroughly 
familiar with critical sass phenomena. 

"b. Greater effort be made to determine more 
precise balanoes in order to assist in deteoting possible concentrations 
of material due to unaeoounted-for losses. 

"o. Periodio eheoks be made of the condition of 
the diffusers and other parts of the plant at various positions in the 
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cascade to determine If iangorous concentrations at« oeing built up as 
vay point in the plant* ( 

Colonel Nichols then added another recommendation, as follows! 
"I would add a fourth oondition whioh would be to review psriodioally 
the operation of the plant by a committee of the same caliber as the 
Bradbury-relbeole-iCeita Committee". (3ee alao Hefarenoet lkt both theae 
letters of Col. Mi oho 1* were approved by Seneral Jrovaa.) 

f • The oommuni oat ions summarised above, with reepeot to their 
bearing on the questions of hasard and safety, comprise those which were 
written prior to the preliminary test operation, anion was authorized 
18 Ootober 1<&6« It will be noted, however, that they dealt with the 
hasards and the safety precautions not only for the teat operations but 
also for the continued long-time operation whioh was authorised later* 
Additional documents of later date, which concerned (among other natters) 
the questions of hasard and aafsty for the long-time operations at high 
concentration, iaolude the following t , 

Plant Superintendent (Refer- 
inoei 20), described the groups functioning in the plant who were con- 
cerned with control, inspection, studies of "Special Hasards", ete*f he 
anumerated 12 members of the "Special Hasards Committee 9 , who met as re- 
quired to consider problems *ub»itted by the Uranium Inspection and Con- 
trol Dopartaent* lie recommended the retention of a committee of physicists, 
as consultants, for reviewing the problems presented through summary re- 
ports issued by the Department and Committee previously described, de 
stated that Drs* B« T« Booth and Phillip nrri son had consented to serve 




on the consultant ooamittae and that i3ra* J» H# Oppsnheixaer, B* i'ormi and 
IU P» Feynman would be approached. 

:3r» Cantor discussed the juestion of accurate 
material balanoes and reviewed tha history of this subject, starting with 
recognition of it» importance as aarly as January l9i|5,and studies and 
analyses starting in April M stated* *To date, chare have been 

only slight deposits of uranium compounds disclosed by inspection of 
equipment removed for repair. " 

(2) ar, Walter J. Ulliaas, Director of Plant Opera- 
tions (aeferenoei after dssoribing tha 3redbury-3elbeok-Keita Com- 
mittee and the agreement of its somber s that operation at 95# concentra- 
tion is safe, but that continued safe operation would be dependent upon 
continual study of the problem with special attention to incoming and 
outgoing inventory, stated i "The Operating Contractor is following out 
the suggestions of the committee as evidenced by the attached latter from 
&>• Clark Center ' to the District Engineer dated 15 Jeoembor 1&&* It is 
believed that the operation is safe and that present methods of operation 
i planned hazard investigations and cheeks will keep it safe.' 
g# It is evident from the record that, before the decisions 
first, to operate the preliminary test to obtain product at 
high concentration, and, second* to continue operation at high concentra- 
tion, the following occurred t the possible hazards entailed were care- 
fully investigated and studied by all concerned,, including axperts who 
were oallod upon especially for the purpose j it was unanimously agreed that 
these operations could be safely performed} and general agreement was 
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raaohed an the precautions which should t» taken to insure continued 
Tafety during long- time oparatlon la the future. It la evident also, 

- 

however, that tha word "safety" aa used ia thia oonnaotloa muet be da- 
fined relatively. Any oparatlon of tha. X-25-27 plant at any oonoentra- 
tioa of product, whether it ia high or low, ia from ita very nature 
subject to hasarda and dan gar ■ to soma degree, and tha opiniona of tha 
experts must he interpreted in thia light, aa meaning that tha hasarda 
involved in high-concentration operation will ba no greater than those 
Involved in low-eonoentration operation, if tha reooamended precautions 
are taken. All ooneerned have agreed that it ia of the utanoet import* 
anee to exeroise extreme oara at all timea to inaura that these pre- 
oautlona are continued* 

7, Saving a la Personnel and Co at a of Operation* 

a, Aa previously indicated, tha major purpoaa of tha plan 
of oparatlon of tha K-25-27 pl«»t tor high-oonoentratloa produotloa wma 
to affect improvementa whioh would result la economies* la aooordanoe 

mission, Tha actual eeonomlea have not yet been determined at preeent 
writing, but careful eetimatea have indicated that they will cxeeed 
52,000.000 par month. (Sea par. 5 £• (U) above), 

b« tha eoonomlee ta ba ef footed are concerned entirely 
with those resulting from tha ourtailaent of operations at tha T-12 
plant, and they oompriee prlneipally tha payroll equations thus made 
possible. Although there are likely to ba oertain additional aoonomies 
from materiale saved la reduoed operation, thaee are not oonaidarabla « 
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*he greats aavia/j la la the labor required for operation* and Tor repair 
and maintenance of equipment. Certain Indirect saving ■ are also possi- 
ble, moh as making available housing for other personnel, but these are 
Indefinite and no allowance was made for them in the estimates* Cn the 
other aide of the lodger* the operating coats at 2-25-27 are likely to 
be somewhat increased, primarily on account of the 00 at of the addition* 
al precautions made necessary for the high-aonoentration operation of 

the increased rate of production. All things considered it is believed 
that the estimated savings produoed by the reduction of personnel at 
the T-12 plant represent with reasonable aocuraoy the total net savings 

e* the most detailed estimate of these savings was made by 
Colonel Gerard J* Forney, T-12 Operations Officer, before continued 
high-concentration operation was authorised (Referenoet 21). At the 
time that this estimate was made full- scale Beta, Plant operation and 

that the personnel required for this operation amounted to 3,1*60, with 
costs totalling $3,289,000 per month. It was further estimated that the 
foroe could be reduced to 1,376 personnel and the costs could be reduoed 
to 1790,000 per month, representing "the estimated personnel required 
and operating costs for the reduoed operation including full operation 

and the stable isotope separation program per month** This would indicate 
a reduotion in personnel of 6,5aU, and in costs of Just about $2,500,000. 
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d. Estimate a of this kind ar« nsoossarily unoortain, and 
axporisnos shows that actual saving! froa rsduotions of personnel ar« 
ugually not ao *r«at as deductions from past atatlstioi asea to indioats. 
It is beliarsd, hoirorar, that aomsthing in exosss of $2,000,000 ps* month 
will osrtainly hs aarsd* 
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The pertinent doounents upon which this Supplement to the «<en» 
iiattan Diitariot History has >een based, including all those to whloa 
roforenoo has boon made la the foregoing text, are listed below. They 
are all on file la the Manhattan District Files at Oak Bidge, 

1. "Book Report. 1 * "A Brief Description of Equipment end Pro- 
cedures in the X-25 Plant Relevant to the Possibilities of Critical 
Ao cumulations," 15-25 August I9I461 by Clifford 3eoki with the assistance 
of I Bower, a. C.i Doming, J. C.| Billot, J. S.f Har-taan, ft C.| Largey, 
J. R.| lewlon, C. B.| Pasquier, L. P.| Preuss, H* 2. 

2., 3., U. Letters (3, identical). Col, Blohols, 33 August 191*6, 
to i Dr. Jf. B. Bradburyi Dr. 0. I. Felbeokf fr. P. C. leith* 

6* Henorarxdun, Dr. Bdward Teller, lt» September l9t«6 # to Dr. 



7* Letter, Dr. 0. T. Felbeek, 26 

8* Letter, Dr. Felbeek, 26 August l9t|6, to Sir. If. J. flilliams. 
Letter, btr* P. C. Keith. 30 September 1QU6. to Col. Blehol*. 
10* ianorandum, Dr. Darol Froman, 3 October 19(46* to Dr» Bradbury. 
11* Letter, Dr. Felbeok, 7 Ootober I9J& to Col, Biohols* 

12. Letter, Dr. Bradbury, 10 October 19U6, to Col. Niohola. 

13. Letter, Col. 3, B. Klrkpatriok. 11 Ootober 19*46, to the 
District Engineer. "Operation of X-25-27 at 95£ Conoentration." 

Ill* Letter, Col. Blehols, lit October 19(46, to Mr. Clark Centerf 
initialled by General L. H. Grores. 
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inoludsd oithor above or below, 

25. Chart, "Status of Test at X-25*. showing daily "X Concen- 
tration," rt W Concentration", and "Product X", from 3 3ovnnber, carried 
forward, in penoil, to 22 December 1946. (Attaehed to item 24. above.) 

26. "Draft of Release for Announcement of Reduction Force at 
CSff*, undated. 

2T. Indorsement;, General Groves, 23 December 1948, to Col. 
31eholsi on item 24. above. 

28. Manhattan District Hiatory, Book I, General-Volume 5, ^isoal 

Procedures. 

29. Manhattan District History, Book tl, Gas Diffusion Project - 
Volume 5, Operation* (Draft dated 18 January 1348.) 

30. "Completion **]?or\ on tho 1-25 Gas Diffusion Plant (Contract 
So. 77-7405-2ng-28) January 1, 1946" - the Xellogg Coapany, and the 
Kellex Corporation - Volume II, Section III, K-28 Developnont, pp. 130- 
473. 

31. "Completion Report on the X-27 Gas Diffusion Plant (Con- 
tract Wo. ir-7405-Sn,»-23) January 1,1946" - The a. W. Xallogg Company, 
and the Xellez Corporation. "Compiled by i H, B. Levey, J. ?. Hogertoa* 

32. SOnthly Budget Statements, 51 !fcy 1948 and 30 June 1348. 
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